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ABSTRACT 
I n  o rde r  t o  i n i t i a t e  a f i s h e r y  f o r  t h e  P a c i f i c  s a r d i n e ,  Sardinops ' 
sajax caeruZeus, i t  i s  r equ i r ed  t h a t  t h e  spawning biomass be 
determined t o  have reached a minimum of 20,000 s h o r t  t o n s .  Data 
from ichthyoplankton surveys ,  n i g h t - l i g h t  surveys ,  t h e  anchovy 
b a i t  f i s h e r y ,  and jack  mackerel pu r se  s e i n e  f i s h e r y  a r e  analyzed 
f o r  evidence of an  i n c r e a s e  i n  popul.ation s i z e .  The p r e s e n t  
l e v e l  of t h e  spawning popula t ion  of t h e  no r the rn  s t o c k s  of s a r -  
d ines  is  determined t o  be f a r  below t h e  20,000 tons  r e q u i r e d  t o  
i n i t i a t e  a f i s h e r y .  
1/  Marine Resources,  Adminis t ra t ive  Report No. 76-4, 
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STATUS OF THE SPAWNING EIOPIASS OF 
THE PACIFIC SARDINE, 1975-76 
RECOMMENDATIONS 
This  r e p o r t  i s  presented  i n  response t o  l e g i s l a t i o n  r e q u i r i n g  t h a t  
t h e  C a l i f o r n i a  Department of F i sh  and Game a s s e s s  t h e  s t a t u s  of t h e  
spawning popula t ion  of t h e  no r the rn  s t o c k  of P a c i f i c  s a r d i n e s ,  Sardinops 
sajax caezwZeus, on an annual b a s i s .  The C a l i f o r n i a  l e g i s l a t u r e  expressed 
i t s  i n t e n t  t h a t  t h e  s a r d i n e  r e sou rce  be  r e h a b i l i t a t e d ,  and t h a t  once t h e  
spawning popula t ion  reaches  20,000 s h o r t  t o n s ,  a  smal l  1,000 t o n  f i s h e r y  
would be allowed. 
The Department of F i s h  and Game has  determined t h a t  t h e  spawning 
popula t ion  of t h e  s a r d i n e  a t  t h e  beginning of 1976 i s  f a r  below 20,000 
tons ;  t h e r e f o r e ,  we recommend t h a t  no f i s h e r y  be i n i t i a t e d  i n  1976 and 
t h a t  r e s t r i c t i o n s  concerning i n c i d e n t a l  ca t ches  remain i n  f o r c e .  
INTRODUCTION 
The P a c i f i c  s a r d i n e  has  been f i s h e d  o f f  t h e  P a c i f i c  Coast of North 
America s i n c e  t h e  l a t e  1800's .  K l i n g b e i l  (1975) b r i e f l y  summarizes land- 
i ngs  by p o r t  f o r  t h e  1916-1917 through 1972-1973 seasons  and inc ludes  a  
b r i e f  d e s c r i p t i o n  of l e g i s l a t i o n  enacted i n  1967, 1969 and 1973. The 
primary purpose of t h i s  l e g i s l a t i o n  was t h e  r educ t ion  of f i s h i n g  p re s su re  
on t h e  s a r d i n e .  The 1973 l e g i s l a t i o n  r e q u i r e s  a  de t e rmina t ion  of t h e  
spawning popula t ion  on an annual  b a s i s .  While Department b i o l o g i s t s  have 
devoted cons ide rab le  e f f o r t  t o  moni tor ing  p e l a g i c  f i s h  landings  i n  an 
a t tempt  t o  c o l l e c t  t h e  p e r t i n e n t  d a t a ,  t h e  p re sen t  low l e v e l  of t h e  popu- 
l a t i o n  coupled wi th  t h e  necessary  c e s s a t i o n  of a s a r d i n e  f i s h e r y  have 
rendered most c l a s s i c a l  t echniques  f o r  e s t ima t ing  f i s h  biomasses u s e l e s s .  
S u f f i c e  t o  s ay  t h a t  t h e r e  remains no d i r e c t  method of e s t ima t ing  t h e  sa r -  
d i n e  on an  annual b a s i s .  However, t h e r e  a r e  s e v e r a l  avenues whereby 
b i o l o g i s t s  can  moni to r  t h e  p o p u l a t i o n  on a c o n t i n u i n g  b a s i s  f o r  t h e  pur- 
pose  of documenting any r e s u r g e n c e  i n  t h e  n o r t h e r n  s t o c k  of s a r d i n e s .  
These avenues  i n c l u d e  t h e  c o l l e c t i o n  and a n a l y s i s  o f  (1) i c t h y o p l a n k t o n  
d a t a ,  (2 )  l i v e  b a i t  d a t a ,  (3 )  s e a  s u r v e y  c r u i s e  d a t a ,  and (4)  j a c k  
mackere l  f i s h e r y  d a t a .  
ICHTHYOPLANKTON DATA 
As e a r l y  a s  1940, b i o l o g i s t s  f i r s t  began t o  conduct  egg and l a r v a l  
s u r v e y s  i n  a n  a t t e m p t  t o  l e a r n  more a b o u t  t h e  spawning b e h a v i o r  and b i c -  
mass o f  t h e  P a c i f i c  s a r d i n e .  By t h e  e a r l y  1 9 5 0 1 s ,  t h e  C a l i f o r n i a  Co- 
o p e r a t i v e  Oceanic  F i s h e r i e s  I n v e s t i g a t i o n s  (CalCOFI) a g e n c i e s  were  con- 
d u c t i n g  egg and l a r v a l  s u r v e y s  on a monthly b a s i s .  From 1961 t o  1969, 
a  r e d u c t i o n  i n  c r u i s e s  r e s u l t e d  i n  q u a r t e r l y  s u r v e y s .  S i n c e  1969, egg 
and l a r v a l  s u r v e y s  have been  conducted e v e r y  t h r e e  y e a r s ,  (1969, 1972, 
and 1975) on a  q u a r t e r l y  b a s i s  by N a t i o n a l  Marine F i s h e r i e s  S e r v i c e  (NMFS) 
and S c r i p p s  I n s t i t u t i o n  of Oceanography. U s e  of  d a t a  c o l l e c t e d  d u r i n g  
p a s t  s u r v e y s  h a s  r e s u l t e d  i n  biomass e s t i m a t e s  f o r  b o t h  n o r t h e r n  anchovy, 
Engraulis mordax, and P a c i f i c  s a r d i n e  (Smith 1 9 7 2 ) .  The p r e s e n t  su rvey  
s c h e d u l e ,  coupled w i t h  t h e  amount o f  t i m e  needed t o  s o r t ,  c o l l a t e ,  
a n a l y z e ,  and p u b l i s h  r e s u l t s ,  seems t o  have r e n d e r e d  t h e s e  s u r v e y s  use- 
less as a t o o l  f o r  e s t i m a t i n g  s a r d i n e  biomass on a n  a n n u a l  b a s i s  ( i . e . ,  
a l t h o u g h  t h e  1975 s u r v e y  i s  completed,  d a t a  r e q u i s i t e  f o r  e s t i m a t i n g  t h e  
s a r d i n e  p o p u l a t i o n  may n o t  b e  a v a i l a b l e  f o r  a t  least one y e a r  o r  more) .  
The l a s t  p u b l i s h e d  e s t i m a t e  o f  t h e  P a c i f i c  s a r d i n e  biomass was from 
1969 s u r v e y  d a t a .  Smith (1972) r e p o r t e d  a biomass of 27,000 t o n s  f o r  
b o t h  s o u t h e r n  and n o r t h e r n  s t o c k s  of P a c i f i c  s a r d i n e .  At l e a s t  50% of 
t h i s  estimate i s  c o n t r i b u t e d  by t h e  s o u t h e r n  s t o c k .  Al though a s a r d i n e  
biomass e s t i m a t e  from 1972 survey  d a t a  h a s  n o t  been p u b l i s h e d ,  p r e l i m i n a r y  
c a l c u l a t i o n s  have been n a d e  ( P a u l  Smith ,  NMFS p e r s .  commun.). A spawning 
biomass of 10,000 tons  was c a l c u l a t e d  f o r  t h e  e n t i r e  CalCOFI survey a r e a .  
Approximately twd-thirds  of t h i s  f i g u r e  i s  a t t r i b u t e d  t o  s a r d i n e s  spawn- 
ing  i n  Sebas t i an  Vizcaino Bay, one-third i s  a t t r i b u t e d  t o  spawners 
between Punta Eugenia and Magdalena Bay, and only t r a c e  amounts a r e  
a t t r i b u t e d  t o  s a r d i n e s  i n  t h e  range of t h e  no r the rn  s tock .  
The progeny produced by t h e  min i scu le  amount of spawning throughout 
t h e  range of t h e  no r the rn  s t o c k  of s a r d i n e s  during 1972 became mature 
dur ing  1974 and 1975. It i s  doub t fu l  t h a t  they  have con t r ibu ted  much i n  
terms of biomass t o  a n  a l r eady  d r a s t i c a l l y  reduced s tock .  This  i s  t h e  
most conc re t e  and d i r e c t  evidence we have t h a t  t h e  spawning popula t ion  of 
t h e  no r the rn  s tock  of s a r d i n e s  i s  w e l l  below 20,000 tons .  Other d a t a  
a l s o  sugges t  t h e  no r the rn  s t o c k  of s a r d i n e s  i s  s t i l l  d e c l i n i n g .  
LIVE BAIT DATA 
The l i v e  b a i t  f i s h e r y  i n  sou the rn  C a l i f o r n i a  i n shore  wa te r s  has  
been monitored i n t e r m i t t e n t l y  s i n c e  1939. I n  r e c e n t  yea r s  t h i s  monitor ing 
has taken t h e  form of c l o s e  con tac t  w i th  b a i t  d e a l e r s  by r i d i n g  t h e i r  
b o a t s ,  observing c a t c h e s ,  and f r e q u e n t l y  phoning them t o  encourage t h e  
submission of l i v e  b a i t  l o g s  t o  t h e  Department. Although i t  i s  no t  r e -  
qu i red  by law t h a t  t h e s e  l o g s  be submi t ted ,  and b a i t  d e a l e r s  do t h i s  only 
on a vo lun ta ry  b a s i s ,  t h e  l i v e  b a i t  l o g  can be e s p e c i a l l y  important  i n  
monitor ing incoming year  c l a s s e s  f o r  c e r t a i n  p e l a g i c  s p e c i e s ,  i . e . ,  an- 
chovies ,  s a r d i n e s ,  and mackerels .  
I n  t h e  case  of s a r d i n e s  i t  is  a l s o  p o s s i b l e  wi th  s u f f i c i e n t  d a t a  
t o  compare t h e i r  i nc idence  i n  t h e  l i v e  b a i t  c a t c h  t o  h i s t o r i c a l  popula- 
t i o n  e s t ima te s  of t h e  s a r d i n e  s tocks .  The problem wi th  t h i s  approach is  
t h a t  a t  t h e  p r e s e n t  low l e v e l  of t h e  popu la t ion ,  few i f  any s a r d i n e s  a r e  
seen  anymore i n  l i v e  b a i t  ca t ches .  S ince  1973, t h e r e  has  been no mention 
of s a r d i n e s  on l i v e  b a i t  l o g s .  In f r equen t  occurrences of t r a c e  amounts 
of s a r d i n e s  appa ren t ly  do no t  warran t  mention on l o g s ,  because b a i t  
d e a l e r s  have conveyed t o  F i sh  and Game personnel  t h a t  they have seen  a 
few s a r d i n e s  i n  t h e  b a i t  i n  t h e  l a s t  2 yea r s .  It is  a l s o  a p o s s i b i l i t y ,  
because i t  i s  i l l e g a l  t o  u se  s a r d i n e s  a s  l i v e  b a i t ,  t h a t  some b a i t  
d e a l e r s  would not  record  t h e  occurrence of l a r g e  amounts of s a r d i n e s  on 
an  o f f i c i a l  l og .  
The apparent  s c a r c i t y  of s a r d i n e s  i n  t h e  l i v e  b a i t  c a t c h  i s  y e t  
another  p i e c e  of in format ion  which confirms a very  low popu la t ion  l e v e l .  
The occurrence of s a r d i n e s  i n  l i v e  b a i t  ca t ches  i n  more than  t r a c e  
amounts has  been r epor t ed  f o r  f i v e  y e a r s  (1967, 1968, 1969, 1970, and 
1973) s i n c e  1966. K l i n g b e i l  (1975) s t a t e s  t h a t  i t  appears  t h a t  t h e  spawn- 
ing biomass of t h e  s a r d i n e s  [nor thern  s tock]  f e l l  below 20,000 tons  some- 
time between 1962 and 1966. 
SEA SURVEY CRUISES 
The C a l i f o r n i a  Department of F i s h  and Game, a s  a p a r t  of i t s  Sea 
Survey Program, conducts  one n i g h t - l i g h t  c r u i s e  each f a l l .  During t h i s  
c r u i s e  four  t o  f i v e  n i g h t - l i g h t  s t a t i o n s  a r e  occupied each n i g h t  and 
t h e  presence  of a l l  s p e c i e s  a t t r a c t e d  t o  t h e  l i g h t  is  recorded .  S imi l a r  
c r u i s e s  have been conducted s i n c e  1949, and dur ing  t h e  1950's  and e a r l y  
1960's they  were conducted on a monthly b a s i s  a s  a p a r t  of t h e  CalCOFI 
r e s e a r c h  program. Sard ines  were commonly observed a t  n i g h t - l i g h t  s t a t i o n s  
i n  t h e  1950's and K l i n g b e i l  (1974) noted t h a t  t h e  percentage  of p o s i t i v e  
n i g h t - l i g h t  s t a t i o n s  ( t h o s e  where s a r d i n e s  were e i t h e r  noted o r  captured)  
seemed t o  be measuring t h e  same r e l a t i v e  abundance a s  t h e  c a t c h  per  u n i t  
of e f f o r t  of t h e  f i s h e r y  f o r  t h e  per iod  1950 t o  1961. 
I n  1975, t h e  n i g h t - l i g h t  c r u i s e  (DF&G Cru i se  75A7) occupied 86 s t a -  
t i o n s  covering a r e a s  i n shore ,  ad j acen t  t o  i s l a n d s ,  and over  o f f s h o r e  
banks between Bahia d e  San Quentin,  Baja C a l i f o r n i a ,  and P o i n t  Conception. 
Only one (1) s a r d i n e  was seen  dur ing  t h e  e n t i r e  c r u i s e  a t  a s t a t i o n  i n  
Bahia de  Todos Santos .  The cont inued r a r e  occurrences  of s a r d i n e s  a t  
n i g h t - l i g h t  s t a t i o n s  suppor t s  o t h e r  evidence i n d i c a t i n g  a n  extremely 
smal l  s tock .  
JACK MACKEREL FISHERY DATA 
The only  means a v a i l a b l e  of sampling t h e  s a r d i n e  popu la t ion  f o r  age 
composition and l e n g t h  frequency d a t a  on a  cont inuing  b a s i s  i s  t h e  c l o s e  
monitor ing of t h e  l and ings  of jack  mackerel ,  Trachurus s y m e t r i e u s .  
Sard ines  a r e  known t o  school  wi th  j ack  mackerel and a r e  found mixed i n  
some j ack  mackerel l and ings .  The C a l i f o r n i a  Department of F i s h  and Game 
p r e s e n t l y  employs two methods f o r  keeping account  of t h e  l and ings  of 
i n c i d e n t a l  s p e c i e s  ( p r i m a r i l y  s a r d i n e s  and P a c i f i c  mackerel,  Scomber 
japonicus)  which a r e  mixed wi th  j ack  mackerel l and ings .  
F i r s t ,  a  b i o l o g i s t  t r i e s  t o  observe a s  many l and ings  of j ack  mackerel 
a t  Terminal I s l a n d  canne r i e s  a s  p o s s i b l e  dur ing  t h e  a c t u a l  o f f l o a d i n g  
process .  I n  conjunct ion  wi th  t h i s  he  in t e rv i ews  sk ippe r s  and f i l l s  ou t  
a  l o g  f o r  each in t e rv i ew.  This  l o g  i s  s i m i l a r  t o  t h e  anchovy r educ t ion  
log  but  i s  not  r equ i r ed  by law. The p e r t i n e n t  in format ion  t h e  b i o l o g i s t  
t r i e s  t o  o b t a i n  f o r  each landing  i s  boat  name and number, d a t e  and time 
of d e p a r t u r e  and r e t u r n ,  number of s e t s  made, an e s t i m a t e  of tonnage, 
l o c a t i o n  of cap tu re ,  and a n  e s t i m a t e  of t h e  percentage  (by weight) of 
i n c i d e n t a l  s p e c i e s  mixed wi th  t h e  load .  The b i o l o g i s t  i s  a l s o  respons i -  
b l e  f o r  sampling j ack  niackerel l and ings  t o  i nc lude  i n c i d e n t a l  s p e c i e s  
and f o r  sampling t h e  anchovy r educ t ion  l and ings .  It i s  nex t  t o  impossible  
f o r  t h e  b i o l o g i s t  t o  i n t e rv i ew every  sk ippe r  o r  observe every landing  of 
f i s h .  A s  a r e s u l t  l a r g e  gaps e x i s t  i n  t h e  d a t a  a v a i l a b l e  from j ack  
mackerel l ogs .  K l i n g b e i l  (1975) used t h e  jack mackerel l og  d a t a  a v a i l -  
a b l e  from January through August 1974 t o  e s t i m a t e  a  biomass range  
(555 t o  1,190 tons )  f o r  s a r d i n e s  schooling wi th  j ack  mackerel.  
The o t h e r  method used by t h e  Department i n  monitor ing i n c i d e n t a l  
s p e c i e s  i n  jack  mackerel landings  i s  coordinated by t h e  W i l d l i f e  Pro tec-  
t i o n  Branch of Marine Resources Region. It  employs a  "checker" from 7 t o  
9 months per  year  whose r e s p o n s i b i l i t y  i t  i s  t o  monitor each j ack  mackerel 
landing  a t  canne r i e s  on Terminal I s l a n d .  He f i l l s  ou t  a "checker 's  b l u e  
t i c k e t "  on which a  rough e s t ima te  is  made of t h e  percentage  by weight 
of each landing  and a l s o  inc ludes  t r a c e  occurrences of i n c i d e n t a l  s p e c i e s  
( l e s s  than  1% by weight ) .  When t h e  checker i s  employed a much h ighe r  per- 
cen tage  of landings  a r e  observed,  making b l u e  t i c k e t  d a t a  ve r sus  log  d a t a  
much more u s e f u l  f o r  monitor ing i n c i d e n t a l  s p e c i e s .  
A biomass range  was c a l c u l a t e d  f o r  1974 and 1975 us ing  t h e  d a t a  
from b l u e  t i c k e t s .  These c a l c u l a t i o n s  a r e  only rough measures,  a r e  de- 
pendent on e s t i m a t e s  of t h e  jack  mackerel r e sou rce  s i z e ,  and assume t h e  
jack  mackerel r e sou rce  has  not  f l u c t u a t e d  g r e a t l y  i n  r e c e n t  yea r s .  
Knaggs (1973) i n d i c a t e d  t h a t  t h e  t o t a l  popula t ion  of j ack  mackerel  o f f  
southern  C a l i f o r n i a ,  a v a i l a b l e  t o  round hau l  f ishermen i n  1972, was i n  
t h e  range of 0.7 t o  1.5 m i l l i o n  tons .  By cons ider ing  t h e  pe rcen t  tonnage 
of s a r d i n e s  landed wi th  j ack  mackerel i n  1974 and 1975, s a r d i n e  popula- 
t i o n  e s t ima te s  of 1,600 t o  3,500 tons  f o r  1974 (Addendum 1 )  and 76 t o  
150 tons  f o r  1975 (Addendum 2)  were obta ined .  These biomass e s t ima te s  
only r e l a t e  t o  t h a t  p o r t i o n  of t h e  no r the rn  s t o c k  of s a r d i n e s  found 
schooling wi th  j ack  mackerel.  What p o r t i o n  of t h e  t o t a l  s t o c k  of s a r d i n e s  
t h i s  r e p r e s e n t s  i s  unknown. 
In  1974, 21% of t h e  j ack  mackerel landings  checked had t r a c e  o r  
l a r g e r  occurrences of s a r d i n e s .  I n  1975, through October,  on ly  3% of 
t h e  landings  had s a r d i n e s .  These d a t a  suppor t  t h e  hypothes is  of a  con- 
t i nu ing  d e c l i n e  i n  t h e  biomass of t h e  no r the rn  s t o c k  of s a r d i n e s .  
SUMMARY AND CONCLUSION 
Data from f o u r  independen t  s o u r c e s  have been ana lyzed  i n  a n  a t t e m p t  
t o  a s s e s s  t h e  spawning biomass of t h e  n o r t h e r n  s t o c k  of P a c i f i c  s a r d i n e s .  
Although a d i r e c t  e s t i m a t e  of t h e  biomass d u r i n g  t h e  1975 c a l e n d a r  y e a r  
was n o t  accompl i shed ,  d a t a  from a l l  f o u r  s o u r c e s  i n d i c a t e  a d r a s t i c a l l y  
reduced p o p u l a t i o n  s i z e .  These  d a t a  s u g g e s t  t h e  n o r t h e r n  s t o c k  of sar- 
d i n e s  i s  c o n t i n u i n g  t o  d e c l i n e ,  even i n  t h e  p r e s e n c e  of a f i s h i n g  mora- 
tor ium.  A l l  e v i d e n c e  p o i n t s  t o  a s t o c k  f a r  below t h e  20,000 t o n s  r e q u i r e d  
t o  i n i t i a t e  a h a r v e s t ,  t h e r e f o r e ,  r e s t r i c t i o n s  concern ing  i n t e n t i o n a l  
f i s h i n g  and i n c i d e n t a l  c a t c h  of s a r d i n e s  shou ld  remain i n  f o r c e .  
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ADDENDUM 1. 
Calculat ion of Biomass Range of P a c i f i c  Sardines That are Found Schooling wi th  Jack  Mackerel - 1974. 
Number of Number of Number of Tons of Tons landings  *Est imation of  mackerel mackerel b lue  t i c k e t s  accounted f o r  t ons  of s a r d i n e s  




Apr i l  
May 
June 
J u l y  
August 
September 5 208.6 0 - 
October 5 3 1,542.7 4 7 1,292.0 
November 4 2 1,349.8 3 4 1,065.1 
1 0 December 5 5 131.0 29.5 - 
Tota l s  337 10,369.1 146 4,644.6 3 1 10.731 
4'644*6 = 0.448 = f r a c t i o n  of tonnage landed f o r  which b l u e  t i c k e t s  were received.  10,369.1 
= 23.953 = es t imate  of s a rd ines  landed assuming t h e r e  was t h e  same percentage f o r  landings  wi thout  
.448 b l u e  t i c k e t s  . 
23*953 
= .00231 = es t imate  of f r a c t i o n  of  jack  mackerel ca t ch  through August 1974 t h a t  c o n s i s t s  of s a rd ines .  10,369.1 
(.7 x lo6)  (.00231) = 1,617 -tons = es t ima te  of biomass of s a r d i n e s  found schooling wi th  .7 x 106 t o n s  of 
jack  mackerel. 
6 (1.5 x 10 ) (.00231) = 3,465 tons  = es t ima te  of biomass of s a r d i n e s  found schooling w i t h  1.5 x l o6  t o n s  of 
' j ack  mackerel. 
-race occurrences of s a rd ines  were converted t o  tonnage by assuming t h a t  they  accounted f o r  1/200 of t h e  
weight landed. 
ADDENDUM 2 
Calculation of Biomass Range of Pacific Sardines that are Found Schooling with Jack Mackerel - 1975. 
Number of 
mackerel Tons of Number of Accounted Number of "Estimation of landSngs 
cannery mackerel blue tickets for conralnlng tons of sardines 
Month landings landed received by blue tickets sardines landed 
January 3 131.2 2 62.5 0 - 
February 52 1,226.5 4 3 972.5 2 .293 
March 13 200.5 7 88.2 3 .333 
April 10 114.9 - - - - 
May 11 352.8 - - - - 
June 2 0 414.2 - - - - 
July 11 284.6 - - - - 
August 18 673.7 14 506.5 1 .030 I 
September 9 1 2,907.4 5 1 1,434.2 0 - w 
1 
October 114 3,869.8 83 2,930.6 0 - 
Totals 34 3 10,175.6 200 5,994.5 6 .656 
5'994*5 = 0.589 = fraction of tonnage landed for which blue tickets were received. 10,175.6 
*656 
= 1.114 = estimate of sardines landed assuming there was the same percentage for landings without 
.589 blue tickets. 
1.114 
10,175.6 = .000109 = estimate of fraction of jack mackerel catch through August 1974 that consists of sardines. 
(.7 x lo6) (.000109) = 76 tons = estimate of biomass of sardines found schooling with .7 x lo6 tons of 
j ack mackerel. 
(1.5 x lo6) (.000109) = 164 tons = estimate of biomass of sardines found schooling with 1.5 x lo6 tons of 
j ack mackerel. 
* Trace occurrences of sardines were converted to tonnage by assuning that they accounted for 1/200 of the 
weight landed. 
